As an ideal candidate for biology information detection, flexible resistance-array-type sensors have attracted extensive attention. But owing to the Neighbor Disturbance in resistance array, the accuracy of the sensors has been limited greatly. In the presented work, a novel resistance measuring circuit has been developed with equipotential shielding method, which shows a better accuracy in detecting. Furthermore, the variable accuracy of the circuit can be realized by utilizing different resistance. Meanwhile, a contact force measure sensor was designed following the proposed principle. Finally, a set of experiments have been conducted by detecting hard cores buried in soft gel to test and verify the sensitivity and feasibility of 2D shape recognition of the sensor.
INTRODUCTION
With the rapid development of the robotic technology and the internet of things technology, the biometric data acquisition system has attached widely attention [1] [2] [3] [4] . For example, the capacitive and resistive thin-film sensors have been widely studied, for these kinds of sensor are flexible and easy to cut, and can measure a variety of physical characteristics, such as the simultaneous detection of temperature and pressure [2] . However, due to the neighbor disturbance between basic sensitive elements on the sensor, the general accuracy of these array-type sensors are limited [5] . This is mainly caused by bad isolation condition between the sensitive elements. Some scholars have done several researches on this issue, but many results of these studies are quite outdated because of the rapid development of science and technology [6] . This paper proposed a new resistance measuring circuit based on equipotential shielding method [6] , which can apply with array-resistance and provide better accuracy. Moreover, the accuracy of the circuit can be varied by simply changing a resistance in the circuit. Meanwhile, a contact force measure sensor was developed base on this principle. Finally, a set of experiments have been conducted by detecting hard cores buried in soft gel to test and verify the sensitivity and feasibility of 2D shape recognition of the sensor.
CIRCUIT DESIGN
Resistance-array is a kind of resistance network, the resistor elements of which are distributed in a matrix form. The bypass disturbance phenomenon comes from the existence of bypass circuit when measuring the destination resistance elements in a resistance array. As shown in Figure 1 , when measuring the resistance Ri,j in a resistor array, there will always be some other resistors that form a bypass network. So when we use a sense resistor to connect with the resistance network serially, and obtain the value of Ri,j using potential dividing method, we will get an error result, which means that the measured value will be smaller than the real value of Ri,j. As shown in Figure 2 , the equipotential shielding method is described as follows: (1) . Switch on the target resistance element through analog switch when measuring the Ri,j; (2) . Select all rows resistance except row i and make the corresponding line voltage equal to output voltage. This can make all potential of rows except row i clamped at the voltage of column j. Due to the existence of this feedback, the resistance changes of rows except row i won't affect the current of columns except column j, so the real resistance can be calculated according to the output voltage. As shown in Figure 2 , the actual circuit work processes can be described as follow: Row address control circuit (1) switches on the target row i, (2) equipotential shielding circuit switches on the rows except row i through decoder, column address control circuit (4) switches on the target column j. When (3) the destination resistance element Ri,j is selected, then Ri,j is serially connected to the reference resistance, and forming a voltage-dividing circuit, the voltage of reference resistance is connected with the Non-inverting amplifier (5) through analogue switch 2, and then the output signal is input to filter circuit (6) and to A/D converter (7). Finally, the digitalized result converted by AD converter is shared on CAN bus. 
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CIRCUIT SIMULATION
The simulation circuit as shown in Figure 3 was set up using Multisim 11.0. The first three switch control row address is listed in the bottom left-hand corner of the Figure 3 , and the last switch enables or disables the decoder and analog switch. The first three switch control column address is listed in the upper-right corner of the Figure 3 , and the last switch enables or disables the analog switch. The main simulation component list is shown in table 1. According to the principle described in Figure 2 Based on above analysis and result, several experiments were tested using the Multisim 11.0. The result of actual simulation and theoretical calculation is shown in table 2. According to the experiment results, the problem described at the beginning of the paper has been solved by using the equipotential shielding method. Besides, it can be found that the measurement error is related to the sampling resistance and R=10k ohm when the circuit was simulated. Therefore, a conclusion can be drawn that the circuit has a good accuracy when test resistance is smaller than sampling resistance, however the result won't be the actual resistance using the equipotential shielding circuit, and it can be considered that the accuracy is variable by utilizing different sampling resistance with this method. 
Table2. The Experiment Result List
EXPERIMENTS
Test Environment
According to the previous analysis and simulation circuit, a test system was constructed as shown in Figure 4 , it includes the pressure-resistance array-type thin-film pressure sensor, the resistance-array-type detecting circuit based on STM32F103C8, PCAN-USB, the material tension/pressure tester(ZQ-20B-1), the DS-30 dynamometer (range: 0-30N, resolution: 0.01N), the round flat fixture with a diameter 32mm. The test material is shown in Figure 5 , it is made of Room Temperature Vulcanization, and its' Mohs hardness is about 25 after condensation, the hard core is a hemispherical surface cover type hex nuts. 
Test Result
Firstly, the thin-film sensors is smoothly paved on the test material surface where there is no hard core, and make it pressed by the fixture, and the contact force is set to be 20N by adjusting hand wheel of the tension/pressure tester. The result is as shown in Figure 6 . The comparative experiments is that making the thin-film sensor smoothly paved on the test material surface where there is a hard core, and the contact force is the same as the previous one. The result of the comparative experiments is shown in Figure 7 . As shown in Figure 6 , the resistance image of resistance-array-type sensor output is almost flat, and there is not a unification trend. But, as shown in Figure 7 , the force image shows that the pressure of the center of the sensor is larger than the edge locations, the result is also the same as the feeling when we touch the hardcore on gel.
Based on the result of the experiment, a conclusion can be drawn obviously that the hard core can be found and the equipotential shielding method for resistance-array-type sensor is effective.
SUMMARIZATION AND PROSPECT
This paper designed a resistance-array detecting circuit based on the equipotential shielding method, and its correctness and stability are approved by using Multisim 11.0. Besides, the circuit has a variable accuracy by utilizing different sampling resistance. Therefore, it can be used for most range of resistance-array-type sensor [7] [8] [9] [10] , and its measuring accuracy may amount to 1%. Then, a detecting system was constructed. To test and verify the sensitivity and practicability of the array force measure sensor, a hard core detecting experiment on gel has been conducted by using the material tension/pressure tester. Finally, we can conclude that the detecting method will have a certain application value, may apply in the signal detection of the resistance-type sensor, and it also has a potential application in all kinds of flexible electronic device field so as to achieve a precise measurement [11] [12] [13] [14] [15] .
